INTRODUCTION
Medium chain fatty acids MCFAs are recognized for their health benefits. They are used in enteral and parenteral nutrition for a series of medical conditions of patients suffering low absorption of fats, poor digestion, and metabolic difficulties related to cystic fibrosis, Crohn s disease, colitis and enteritis 1, 2 . MCFAs with 6 to 14 carbons are of high interest for green chemistry due to their lathering and low-viscosity properties. They are widely used in detergents and lubricants. After esterification with alcohol, they can also be used as emulsifiers for foods and cosmetics, solvents for flavours, surface treatment of food products and as well as readily digestible fat in high-energy diets 3 .
In lipid research, thin layer chromatography TLC is commonly used for a rapid lipid fractionation and fatty acids profile characterizations. Nowadays, TLC constitutes a basic tool for modern analytical chemistry because of its remarkable advantages: a simple and fast, b exhaustive training is not required, c the equipment and materials used are not expensive, d low volume of solvents, e versatile visualization reagents for the identification of the analyses, f the ability to analyse several samples on one single plate which reduces time, cost and use of solvents 4, 5 .
Besides, TLC methods for the identification and separation of lipids do not make specific differences between the fatty acids that constitute lipids; this is because of their size, position or degree of unsaturation. Only argentation is suggested for the specific use of unsaturated fatty acids. Because of the aforementioned importance of MCFAs and the relevance they have gained through past few years, an analytical method is still required for their easy and rapid separation and identification. Therefore, in this study, a specific, sensitive, fast and effective TLC method is presented for the analysis of such compounds.
MATERIALS AND METHODS

Materials and reagents
For the glycerolysis reactions, glycerol ≥ 98 was purchased from Golden Bell Mexico City . Hexanoic acid ≥ 99.5
, octanoic acid ≥ 98 , decanoic acid ≥ 98 , pyridine 99.8 , TMCS Chlorotrimethylsilane ≥ 99 and HMDS Hexamethyldisilazane, ≥ 99
were purchased from Sigma-Aldrich Mexico City . As a source of medium chain triacylglycerols MCT , commercial Swanson Fargo, ND Pure MCT oil was used. The immobilized biocatalyst employed was Novozym 435 Lipase from Candida antarctica, fraction B , a gift from NOVO Salem, VA . The standards used were 1-Monolauroyl-rac-glycerol C12:0 , Dilaurin C12:0 and Trilaurin C12:0 , all purchased from SUPELCO Bellefonte, PA . TLC silica gel 60 F 254 Aluminum sheets 20 20 cm were obtained from Merck, whereas TLC plates 20 20 cm silica gel 60 F 254 0.5 and 1 mm of thickness were from Alltech. All the solvents and reagents were of analytical grade and were purchased from Teqsiquim Mexico City .
Methods
Enzymatic preparation of the calibration mixtures
Glycerolysis reactions were carried out in solvent-free systems according to our previous study 6 . Substrates glycerol and a mixture of C6:0, C8:0 and C10:0 fatty acids; 1:1:1 w/w/w were set in a 50 mL reactor at a ratio of 1:1 w/ w , as well as molecular sieves 10 wt , with respect to the total amount of substrates and the biocatalyst Novozym 435 5 wt , with respect to the total volume of the reaction weight . The reactor was placed in an orbital shaker 300 rpm at 50 during 30 min. Acylglycerols formed during the reactions were determined as follows: 100 mg of reaction mixture were mixed with 1 mL of pyridine, 0.2 mL of HMDS and 0.1 mL of TMCS, the resulting mixture was held at 40 for 15 min. After that, 1 mL of hexane was added and the mixture was submitted to centrifugation at 2,000 rpm for 10 min; then 0.1 μL of the upper layer was injected into a HP model 5890 gas chromatograph with a flame ionization detector and a PE-5
Perkin-Elmer, 30 m 0.32 mm 1 μm capillary column. Injector and detector temperatures were set at 300 and 315 , respectively. The temperature program started at 100 for one minute, then reached 300 at a rate of 10 /min and held for 20 min.
Thin-layer chromatography TLC
In general, the methods assessed were carried out as follows. Acylglycerols samples 5 μg were withdrawn from the reaction mixture and dissolved in 1 mL of chloroform. From that mixture, 6 μL were loaded on TLC plates 5 10 cm and when the spot was dried, the plates where set on a chamber containing the mobile phase corresponding to methods A, B, C and D. After the mobile phase has drawn up the plate via capillary action, the plate was removed from the chamber to be further dried. Subsequently, the plate was immersed in the visualization reagent container, removed immediately and heated at 100 until charring is complete. The standards, monolaurin, dilaurin, and trilaurin, were prepared at a concentration of 5 μg/μL and were developed under the protocol described for the different assay methods. All the runs were conducted in triplicate. 8 , who suggested that TLC easily separates simple lipid classes in a single dimension with silica gel G as adsorbent and a mobile phase consisted of hexane, diethyl ether and acetic acid 80:20:2, v/v/v . The separation achieved is shown in Fig. 1 . Most of the common simple lipids are separated, whereas phospholipids and other polar lipids remain at the origin. Sterols produce a purple-colour spot. A low amount of 0.5 mg of lipid can be applied as a spot on the TLC plate if the separated components are detected by the most sensitive of the charring procedures. These authors suggest the use of methanolic solution of 10 sulphuric acid as a developing system. 2.2.2.4 Method D For the above mentioned, the methods described are not sufficiently sensitive, effective, safe and useful for the compounds of interest, MCAs. On the other hand, some technical aspects have been indicated in reported protocols regarding the chemical structure unsaturation and chain length of MCAs, as well as both mobile phases and visualization agents 9 11 .
In order to obtain the best separation, different mobile phases were assessed in our study 
RESULTS AND DISCUSSION
Since TLC analysis continues to be an effective and widely used method for the identification of different classes of lipids, it is preferred to have a procedure sensitive to the presence of medium chain fatty acids and their compounds. The present study describes our effort to achieve it.
Method A
When this method was conducted, silica-coated glass plates with a thickness of 0.5 mm were used. Three plates were made by this method using the mobile phase of petroleum ether:acetone 92:8 v/v . The technique indicates that it must be developed with a 70 solution of sulphuric acid saturated with chromium trioxide, which is highly toxic, corrosive and carcinogenic; thus, a modification to the original method was made, by eliminating chromium trioxide. Chromium trioxide is used as an oxidizing agent, which allows a better visualization of the already separated compounds. The deficiency of this method was not caused by the absence of such compound, since it was possible to observe the dark spots on the plate, both from the standards and the reaction mixture, which was favoured by increasing the heating time up to 30 min.
Upon immersing the plates into the developing solution, because of the elevated acid concentration and heating, the silica layer was washed from the glass base, however, it was still possible to visualize off-white spots of the standards and the sample. While heating the plate, bubbles formed on 80 of the surface, which prevented the correct identification of the spot location. The plates were left for 30 min at 100 and the white spots turned dark. This same procedure was repeated with 1 mm thick TLC plates, observing a similar behaviour: after development and heating, the presence of light white spots in the areas where the compounds were expected to be, these spots became brown after at least 30 min. The silica of the plate does not seem to be washed from the glass base, but also exhibited the presence of bubbles, thereby losing their homogeneity and in turn complicated the visualization of the spots. For aluminium plates a similar behaviour has been observed with the developer phase, where the silica layer has been completely detached from the aluminium base with the formation of bubbles, both at this concentration and at 50 v/v solution of sulphuric acid in methanol or water 11 .
These results are in good agreement with those previously reported in literature 8 that suggested the use of solutions of this acid at a concentration not greater than 10 v/v and mentioned the use of corrosive reagents followed by heating in order to visualize lipids 5 as in the case of 50 v/v sulphuric acid in water or methanol and 1 h of heating at 120 is traditionally used . Moreover, the authors noticed that saturated and unsaturated lipids required different times to be completely reduced to carbon.
This method was not considered suitable, because the high concentration of sulphuric acid 70 together with the heating caused that part of the silica of the plate was washed and bubbles formed in the remaining material, which makes the method hardly repetitive, but also hindered the correct definition of the spots. The AOCS method 7 appears as a complement to the practice recommended for the separation of acylglycerols in general, verifying the purity of the fractions and/or the effectiveness of the separation process. Its scope was intended for shortenings and emulsifiers, so it is considered as a very general method, with decreased sensitivity for specific cases as the method we propose.
Method B
In second place, the protocol used 3 was carried out, which is more specific since it analyses compounds containing medium chain fatty acids, which have been produced by yeasts. Both mobile phases, petroleum ether:diethyl ether:acetic acid, 10:10:0.4, v/v/v and petroleum ether:diethyl ether 49:1, v/v , were prepared and the plates were run according to the methodology described above and developed in the solution containing MnCl 2 . The plates did not show any dark lipid spot, for the standards or the reaction sample. In addition, it was observed that silica from the plate exhibited attrition in the form of circles and cracks, which turned out in a complicated method with difficult visualization of some compounds. This method was only a qualitative test and the authors 3 determined the content of medium chain acylglycerols by other chromatographic methods, they did not show TLC results. These authors based their TLC methodology on the scheme for neutral lipid separation of yeasts 11 , who described a summary of techniques in TLC for each class of lipids neutral lipids, polar lipids, glycerophospholipids, among others . For the case of neutral lipids, they report an efficient separation and visualization of phospholipids in the origin, followed by MAGs, DAGs and sterols, TAGs and finally steryl esters, with a mobile phase of petroleum ether:diethyl ether:acetic acid 70:30:2, v/v/v and a visualization method by charring with MnCl 2 . However, they did not specify the type of lipids present in the extract produced by the yeasts; that is, whether they are saturated or unsaturated or the size of the carbon chain.
Method C
The plates obtained by this method 8 , at the moment of immersion in the developer, showed a slight white spot in the standards lane at different Rfs Retardation factors . Immediately after it was carbonized, no stain was observed, but after approximately 5 minutes, a slightly pale pink spots were perceived both in the standards and in the sample lanes. However, this was not significantly clear enough to ensure the presence of the compounds. To assess the method, plates were also carried out using reaction mixtures containing MAGs, DAGs and TAGs of fish oil and conjugated linoleic acid CLA as samples Fig. 2 . These samples showed a separation according to that reported 8 Fig. 1 . This makes it clear that the effectiveness and sensitivity of the method is dependent on the nature of the fatty acid present, so that acylglycerols with long chain unsaturated fatty acids fish oil and CLA can be easily separated and visualized by this system; however, for medium and saturated chain fatty acids was not sufficiently sensitive; hence, it is still necessary to develop a more specific method.
Method D
Based on the previous considerations, our proposal claims a specific TLC method for separating MCFAs compounds. Considering that, the mobile phase for TLC is usually chosen by trial and error, guided by literature descriptions of earlier similar separations or by the use of a systematic mobile phase design and optimization models 4 .
We selected mobile phases described in previous reports to be assayed on our samples as indicated in the methodology section. All plates were developed with 10 H 2 SO 4 in methanol and 10 phosphomolybdic acid in methanol, separately. When we used ACN:H 3 PO 4 :MeOH 90: 0.1:10, v/ v/v , no separation of the evaluated reaction mixture was observed, nor could the standards be distinguished. This may be caused by the elution system proposed by the author for the separation of a reaction mixture that consisted of unsaturated fatty acids CLA and long chain fatty acids. For the case of the mobile phase 2 ACN:MeOH, 90:10 v/v , it was possible to observe a light and a large white spots, as two separate compounds that corresponded to the MAGs and DAGs of MCFAs present in the reaction. However, they did not produce well-defined spots for those acylglycerols, and when they were submitted to heating 100 , these spots were no longer observed. Therefore, this phase was no longer employed. The third phase consisted of CHCl 3 :MeOH 80:20, v/v but separation of the reaction mixture was not attained, because of the polarity of the chloroform and its great affinity with the compounds; all were eluted and concentrated at the top of the plate. Finally, we ran our plates with hexane:acetone 70:30, v/v mobile phase and we noted a clear separation of the medium chain acylglycerols present in the reaction mixture and an adequate correspondence with the standards was observed. Hence, it was decided that this method was to be used for further tests.
To evaluate this phase, plates were run using reaction mixtures containing MAGs, DAGs and TAGs of fish oil and CLA as samples. When the 10 solution of phosphomolybdic acid in methanol was used as a developer, separation and identification was also observed for the reaction mixtures containing acylglycerols from fish oil and CLA, but not for those containing MCFAs; for the latter, only white spots could be seen at the same Rf as in the other reaction samples.
This behaviour is similar to the one observed in method C; however, important differences should be highlighted: 1 Rfs in both methods are not corresponding, since while in method C, MAGs are near the origin, their identification is difficult. In the proposed method they are located far from the origin, which caused a shift in all the other components of the reaction mixture, thus facilitating their observation; 2 when developing with phosphomolybdic acid instead of sulphuric acid, the faint spots observed when removing the developer plate were maintained after heating, which suggested the presence of desired compounds.
Using the selected mobile phase, two developing solutions were evaluated: sulphuric acid 10 in methanol, and phosphomolybdic acid 10 in methanol. When the first phase was evaluated, it was not possible to observe more than localized and separated pink spots, corresponding to the standards with the reaction of MCFA. With respect to the second phase, similar observations were noted with the spots at the same distance. According to those results, we have not achieved our objective; therefore, we applied a combined treatment: first the reagent suggested 8 , which consisted of 10 sulphuric acid in methanol, followed by heating. Immediately after removal from heating, the plate was immersed in the second developer, the phosphomolybdic acid in 10 methanol. Then, the spots on the yellow plate attributed to phosphomolybdic acid were observed on the zone corresponding to the standards, while the reaction marks were located as pink spots and a few millimetres below the standards. Only the presence of MAGs and DAGs was observed because in the enzymatic reaction used as sample contained a high percentage of both compounds, while the TAGs are in minimal concentrations. Once it has been heated, the plate turns into a blue tone, while all the pots sample and standards , were observed in a light blue tone Fig. 3 . Using this method, it is possible to identify the standards applied, as well as reaction mixture components. There was a small difference between the Rf of the standards and the sample, which is related to the carbon chain length of the fatty acid in the acylglycerol. Since the standards have 12 carbons, while the MCAs in the sample have a length of 6, 8 and 10 carbons. In the case of the MAGs present, this method was able to differentiate the three types of MAGs according to the corresponding fatty acid, C6:0, C8:0 and C10:0. This could not be achieved by any other TLC method. The identity of these compounds was demonstrated by gas chromatography data not shown . The two fatty acid residues differ in chain-length and can combine in the glycerol molecule forming, at least theoretically, 2 n different species, where n is the number of the fatty acids present. In the case of DAGs, two separate spots were observed, according to what was reported 12 . We assumed that these were the two DAGs species formed during the enzymatic reaction with Novozym 435 1,2-DAG and 1,3-DAG .
In order to confirm the presence of medium chain TAGs, another plate was made using commercial MCT as a sample, and the reaction was set into three different concentrations to determine the level of sensitivity of the method; 3, 6 and 9 μL of the prepared reaction mixture in chloroform were deposited on the plate at a concentration of 12.5 μg.μL 1 . In this plate it was possible to observe the presence of TAGs and the other acylglycerols in the sample of the reaction at the three concentrations evaluated Fig.  4 . Considering the results obtained and in order to verify that what was required for the visualization of the MCA was a greater oxidation, it was decided to try the mobile phase of method C, since out of all of the evaluated methods, it achieved the highest resolution and visualization. So, a plate with the standards and the reaction mixture containing the MCFAs was prepared and revealed with the two solutions, as suggested in the proposed method. It was found that the indicated development methodology also allowed for the observation of the desired compounds, maintaining the differences in the before mentioned Rfs. Although it was not possible to separate MAGs according to the carbon number of their fatty acid chain, as in the proposed method Fig. 5 .
CONCLUSIONS
TLC is still a technique with many advantages for the analysis of lipids. While there are several methods for the separation and visualization of the compounds of interest, a specific method had not yet been developed with high sensitivity for medium chain lipids because of their characteristics, such as the size of the carbon chain 6 to 10 Carbons and their saturated nature. In the present work, 3 previously reported methods were evaluated for the analysis of acylglycerols. However, they did not have the adequate sensitivity for the proper visualization and separation of the compounds of interest. In this sense, a specific and sensitive method consisted of hexane:acetone as mobile phase and the use of two visualisation reagents was developed for the detection of MCFAs compounds. 
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